In conventional theory, steering or bending an ion beam of high energy and high current requires very intense magnetic fields, which are both uneconomical and bulky. This problem is even more severe for singly charged ion beam with very high atomic number, which require large magnetic field energy both to bend and also to focus the beam against its self electric field. In this paper we present a new and simple technique, which will substantially alleviate these problems.
Introduction
We consider here the possibility of mixing the ion beam with an electron beam moving at the same speed, but with a much higher number density. We It is well known that a non-neutral particle beam will rapidly expand and be lost due to its self electrostatic field, if external focussing force is not being applied. Several techniques have been developed in order to accomplish this objective. These techniques include an externally applied magnetic field along the beam direction of propagation1; discrete magnetic quadrupole lenses2; and continuous magnetic quadrupole field generated by four helically wound conducting wires of alternatively opposing current,3 superimposed on an axial magnetic field. In principle, all of these techniques can be used to confine an ion beam, but in general they are more efficient in confining electrons due to the light electron mass. In fact, for comoving beams where relation (1) holds, the magnetic field energy needed for confinement is reduced by the ratio meNe/miNi from its value in the absence of electrons.
Thus in this paper we possibility of bending the a comoving electron beam.
will explore the ion beam by mixing it with
Analysis
To investigate the properties of comoving electron and ion beams in the presence of an external transverse magnetic field, Bz, perpendicular to the propagation direction of the beams, we treat the electron and ion beams as rigid body, i.e. the beam maintains fixed density and current profiles with respect to its axes. This is a reasonable assumption, since the self fields do not directly affect the lateral displacement of the beams axes. Therefore, the equations of motions for lateral displacements of the ion and electron beam axes (x; and xe, respectively) relative to their original propagation direction can be expressed as: This force can be expressed as:
where n is the number density, Ea and BW are self electric and magnetic field of the species a, the subscript x denotes the direction of the force, and the integral is to be carried out over the cross section of column of species 6.
We assume both ion and electron beams possess Gaussian profile, i.e.
N -r2/R2
n (r) = -7 e a a (4) where R is the beam radius. Then after some simple geometric calculations, we can write Equation (3) (1] and E1 is the exponential integral. Equation (10) denotes the kinetic energy of electron beam in the frame of reference moving with the ion beam.
We are mainly interested in the maximum separation of the two beams, xm, which occurs when dx/dt = 0, or Figure 1 . In Cartesian coordinates, when the wires are packed close to one another and the current in each wire are given by:
where a is the radius of the cross section of the tube, we find that the magnetic field inside the tube can be expressed as 9(z,x)
Since this field is uniform, it can effectively be used as a bending field for charged particle beams. 
